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(57) A method of speedily measuring the formalde- 
hyde concentration of test gas with high sensitivity with- 
out suffering Influences of coexisting gases- and a 
measuring Instrument therefor. In particular, a method 
of measuring the formaldehyde concentration charac- 
terized In that a test gas Is brought Into contact with a 
fer wetted with a color forming agent consisting of an 
alkali aqueous solution of 4-amino-3-hydrazlno-5-mer- 
capto-1,2,4-triazole (AHMT) so as to Induce color for- 
mation, and that the formaldehyde concentration of test 
gas is determined on the basis of the degree of color 
formation; and a measuring Instrument Including a light 
emitting element (LED), a light receiving element (PIN 
type photodlode) and a display arranged so as to opti- 
cally measure the degree of color formation. 
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Z hrlL. n J^T I 1 u re ' ateS ,0 3 meth0<i of m688urlna 016 concentration of formaldehyde In an atmosphere 
and mora P^ularty f to a method of measuring formaldehyde concentration with 4-amlno.3-hydrazlno-5. mercapto- 
. i. 4-tnazole (AHMT) as a color reagent and a formaldehyde concentration measuring apparatus therefor 



Background Art 



SaS of 2lTT?7? . ? 9htneSS ° f ,h ° 3,ate -°'- th9 - a rt «vlng environment, particularly houses and buildings 
made of building materials and Interior materials containing chemical substances, helps these chemical substances 

1=1, th °, r I 36 ' 8 in phySiCal diS0,der when diffused t0 1119 atmosphere. These symptoms occur in variety. 

^™Ih l CaUS !? . ° PhySi ° al d ' SOrderS have been lett unsolved - These Physical disorders are considered to 
drom^ !n na y Z? US , ^! comblnatlon - Prefer*, these physical disorders are normally called "sick house syn- 
is Zlrl J^l Z \ T yd6 COnta,ned ln adh98lves ,or bu,ldlna 8Uch 88 P |vwood a^eslve or paste for clothing 
a££2£l£ZZ t , f nde A causln9 1,1689 P^ 1031 ^^rs. WHO strictly regulates the standaral Indoor con- 
centration of formaldehyde to 0.08 ppm or less. 

SflrdtLrtal!^ 8 and apparat , us ot measuring the concentration of formaldehyde in a gas there have been known 
™ZT?y lndlc t atortub9 """zing the change In the color of an Indicator by a free acid produced by the following 
reaction of formaldehyde with hydroxyzine phosphate according to JISK0604: 

3HCHO + (NH 2 OH) 3 -H 3 P0 4 -> H 3 P0 4 + 3HCN=NCH + 3H 2 0 

ITH^, and appa ' atus of measuring the change In color of the surface of a test paper mixed with silica gel by a free 
contain fnl w if T*? " 1ormai «°hy<i 9 with hydroxyzine as mentioned above caused by allowing a gas 
methti JlwTnH V nf ? ° * COntacl wlth 8 de,ectlon teb havlna hydroxyzine sulfate and 

21 umull J ? * J" ! U i POr,ed ° n 018 ,e8t paper ^'"^ "ght-emrttlng element (LED) and a light-receiving 
52 * P * pb " 0d,0d9 > [Type FP-85 multl gas finder; Type FP-250F1W formaldehyde monitor produced b? 
ZSIh*, ?" I \ 8 m and ^ aram °' measuring the tone of color developed by passing a gas to be 
caoo^ 

rtSi£2^mn^^P 10 » * C °" e0tln9 " qU,d 10 CaU8S reactlon «^er alkallnecondltlons and then adding potas- 
mSKJSS^ 9 llqU,<i U8ln9 8 COl ° rlmeter and 8 spectrophotometer (SILSET: produced by Shi- 

In^M^uL^y? 9 f ° rma ' C,ehyde 8dsorbed ^ an adso,bent or absorbed by an absorbent using a high-degree 
dSSS^VTJ* 9 T Chroma, °9 ra P h < GC ) and h, 9h Pressure liquid chromatograph (HPLC), an electro- 
of fn^Ll T , m SUCh 38 cont ro«ed potential electrolysis Involving the measurement of oxidation potential 
intend « «i m °" " eleCtr ° <:le • 8nd a ^luminescence analysis Involving the measurement of emission 

Sis a^n^ilr r^!' 916 meth0d ,nVOlvlng the U8e of an lndicator ,ube and a hydroxyzine sulfate test 
but is £2^ Z " 1 'u 6 8PparatU8 ,nere,or 18 p0rt8ble ' allowlna me use r to know the measurements In situ 
ac! ™? ? Wh6n ,he 983 10 be C,e,6c,ed also con,alns an 0)<ldlz,n a 9 88 8U ch as NOx, acetaldehyde, 
cura^e ^rZhll • , mea8ur9rn ent can be affected by these components, making It Impossible to obtain ac- 
lndo?r ItZ^T^ nCe T a,l ° n - FUrtn6r ' 0rder t0 detect fermaldehyde concentration so accurately that WHO'S 
nnn* xk { u 08 Ppm) '* met ' 8bout 30 minutes of gas passage are required. 

wTaHTM m lnV ° Mn9 ° f AH ™ 88 8 C0 '° r rea9em 18 b88ed 0n ,he followln9 r9actlon 01 formaldehyde 
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. 7 u u 

Red material 

EaLeh^nZrblT^ZT '? adVan,aaeous ln selectM «V ** »• quanUWh. determination of onfy 
? 8 ! J Interference from aldehydes other than formaldehyde, No2-, S032- and other 

mSn^S£ZS£ < T' t0ta " ng 30 mlnute$ or more ,or ,he enflre "measurement. 

^L 1 !" -l' , L r h adV8ntageS 80(1 dlsadvanta 9 es and "«» something to be desired in any 

raOMl An '^aldehyde, detection sensitivity, measuring time, etc. 

gas'to £ de Se ^Z^^, * * 3 meth ° d °' *° concentration of formaldehyde In 

therewm. 9 9 Sh0rt perlod 01 Hme wltnout beln S 6Ub l«* 10 effect of gases present 

S meTeLXd HoT' ' nVent, ° n ' S * »"* * C ° nCm ™ « s * 

Disclosure of the Invention 

TO J2d^l^ a !);^^ M ^ M$ ° ttne acc ^ll S hment of the aforementioned objects. A gas 

compSa an "7 ^ br ° U9ht ' nt ° ^ W,th a " lt9r Wet W,,h a color rea 9 ent 

Zem underooLtrrH! hy * M * te C ° nta,n ' n9 AH ™' As a result ' 11 was ,ound «»* the color 

[00V f tS> ^or e Tm t V h C0ncentrat,on wlthln a ra "9« of 1 PP m or less in the gas to be detected. 

Sea in the ""JT 8 ' meth ° d °' meaSUrin9 the «*~««on of formaldehyde In a gas, charac- 

deqree I tie M °l ormaldeh y d9 "» a a 88 «° °e detected Is determined on the basis of the tone or 

3 hydrazto me^to 1 , * ^ ™ 9m COmpri8lng an alkallna a " U90U8 80lut,0n ° f 4 - am '™- 

by aSnc ■ZSEJ^^fS' ^ "° back 9 round color development due to wetting with the color reagent 

K32^ t h!« f "k ,f 938 10 b9 d9tSCted t0 COme in contact wWl each 0,her on ° r trough the fi"e> 8 ° 
oaIL y 9as 10 be detected acts on the filter. 

[001 2] The aforementioned method comprises at least: 

iISIIaS Sn ""J? 9qUe0US AHMT - S0,u,ton oWalned by dissolving 4-amlno-3-hydrazlno-mercapto- 
w^2„l? 80 ? aqUe ° US S °' Utl0n 8nd a " a^e^emetal hydroxide In water and mixing the solution 
witn an alkaline aqueous solution to prepare a color reagent 
(b) a step of wetting the filter with the color reagent, 

leiLrtT^^ 'I!? 2? t0 b9 d8teCt6d ° nt0 ' ° r lnt0 ,he fltter 10 al,ow the 9*s to be detected and the color 
reagent to come In contact with each other; and 

(e) a step of measuring the tone or degree of color of the filter. 

MnsLo^t 6 mH 9mb0diment °' tha aforementioned measuring method, the filter is selected from the group 
Zf« T 9 Paper ' Sllica flber ,iltor Da P er and auartz filter paper. 

como Islna a EII^T.™ ^ C ° n ° 9rnS a " appara,US of measur,n9 the concentration of formaldehyde in a gas 
pZ^d la i£ ^T^l?"™*" 8 d9teCtl ° n " S ,nl9, and a de,ectlon aas out| et connected to a suction 
S^^SST ^ * m ° Unted ,h9 988 ,l0W Path at 8 Predetermined posKlon, characterized In that 
aaueouTllinn 8 "Iter mounted thereon, said fltter being wet with a color reagent comprising an alkaline 

Sue to Sno irJ," i^'" 0 " menCap, °- 1 • 2 ' 4 - ,riaZ ° la (AHMT 5 30(1 9ivin9 no back ground color develop- 

conic,siro,2 r h !«rTT s ^ 

ga s te SiSSd C °'° r reagen ' Underg09S C °'° r devel °P mant wlth formaldehyde in the 
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[0015) In the aforementioned measuring apparatus, the detecting tab Is formed by a filter, a frame and a filter press 
and the filter Is selected from the group consisting of glass filter paper, silica fiber filter paper and quartz filter paper, 
extends Inside the frame without clearance and is fixed by the filter press. 

[0016] In a preferred embodiment of the aforementioned measuring apparatus, the detecting tab Is tabular and Is 
disposed in the gas flow path at a predetermined position by being Inserted Into a slit provided In the main body. 
[0017] In a further preferred embodiment of the aforementioned measuring apparatus, the tabular detecting tab Is 
disposed in the gas flow path at a predetermined position by being received in a cassette which is mounted in a slit 
provided In the main body. 

[0018] In a still further embodiment of the measuring apparatus of the present invention, there are further provided 
a light-emitting element for Irradiating at least the surface of the fitter with light, a light-receiving element for catching 
the light reflected by the surface of the filter and a display, the change (% response) In the Intensity of light reflected 
by the surface of the filter from before to after contact with the gas to be detected Is measured by the light-emitting 
element and the formaldehyde concentration calculated from the degree of color development of the surface of the 
filter based on the measu rements Is displayed on the display. 

[001 9] In a still further embodiment of the measuring apparatus of the present Invention, there are provided a plurality 
of reagent feed pipes and reagent mixing pipes, the reagent feed pipes each comprise a graduated transparent pipe 
portion and a soft cover portion which can deform when pressed externally and are detachably mounted on the top of 
the reagent mixing pipes and the reagent mixing pipes each further comprise a color reagent dropping device partially 
having a soft pipe portion deformable by external pressure for dropping a predetermined amount of the color reagent 
onto the filter of the detecting tab. 

Brief Description of the Drawings 

[0020] 

Fig. 1 illustrates the absorbance (550 nm) with respect to various aldehyde concentrations obtained in Reference 
Example 1 (AHMT solution method). 

Fig. 2 illustrates the degree of color development with respect to sampling time (% response) obtained In Example 
1 (Inventive method). 

Fig. 3 Illustrates the degree of color development with respect to formaldehyde concentrations (ranging from 0 to 
1 ppm) (% response) obtained in Example 1 (inventive method). 

Fig. 4 illustrates the degree of color development with respect to formaldehyde concentrations (ranging from 0 to 
4 ppm) (% response) obtained In Example 1 (Inventive method). 

Fig. 5 Illustrates the degree of background color development with respect to sampling time (% response) obtained 
In Example 2. 

Fig. 6 Is a diagram Illustrating how a gas to be detected and a filter come In contact with each other In the formal- 
dehyde concentration measuring apparatus of the present invention, wherein Fig. 6(a) illustrates a filter surface 
contact type formaldehyde concentration measuring apparatus, Fig. 6(b) Illustrates an In-f liter passing contact type 
formaldehyde concentration measuring apparatus and Rg. 6(c) Illustrates a filter surface collision type formalde- 
hyde concentration measuring apparatus. 
Fig. 7 Is a diagram Illustrating a detecting tab. 

Fig. 8 is a diagram illustrating a preferred embodiment of the formaldehyde concentration measuring apparatus 
of the present invention. 

Fig. 9 is a diagram illustrating an embodiment of a detecting tab cassette. 

Fig. 10 Is a diagram Illustrating an embodiment of a color reagent dropping device. 

Best Mode for Carrying Out the Invention 

(Color development reaction) 

[0021 ] The formaldehyde concentration measuring method of the present Invention Is based on the following color 
development reaction of an aqueous solution of 4-amlno-3-hydrazlno- mercapto-1 ,2,4-triazole (AHMT) with formalde- 
hyde under an alkaline condition : 
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NH* nHj HCH0 ^c' Air oxidation 8 

I I HN NH N^\ N 

1 ' - I II 



SH \ 



\\ // Alkaline ^c/ Nc^ ^ 

*-* W // \\ // 

N N N N 

AHMT Red material 



« [0022] As Indicated by the foregoing formula, the present Invention Is characterized In that an Intermediate produced 
by the reaction of AHMT with formaldehyde under an alkaline condition Is subjected to air oxidation to undergo color 
development. 

[0023] In the present Invention, the aforementioned reaction Is a substantial solution reaction that occurs In a color 
reagent solution retained in a filter wet with a color reagent. Therefore, the color development proceeds with air oxidation 
caused by the contact of the surface of the solution with air. Accordingly, the color development step requires no addition 
of an oxidizing agent such as Kl0 4 . 

[0024] The term "wet" as used herein is meant to Indicate that the color reagent fills the gap between the fibers 
constituting the filter so that the color reagent Is retained In the filter to form a liquid layer Integrally with the filter. 
[0025] In accordance with the method of the present Invention, the color reagent retained In the filter and the gas to 
be detected are brought into continuous contact with each otherfora period of time until measurable color development 
occurs. The time during which the filter and the gas to be detected are brought Into contact with each other, I.e., 
measuring time Is within the range of from 1 80 to 300 seconds if the concentration of formaldehyde in the gas to be 
detected ranges from 0.04 to 1 ppm. In the case where the formaldehyde concentration Is higher, shorter measuring 
time may be employed. 



(Color reagent) 

[0026] In the present invention, the color reagent is an alkaline aqueous solution of AHMT containing AHMT and 1N 
or more, preferably 2N or more of a free base. Since AHMT can be difficultly dissolved In water, the alkaline aqueous 
solution of AHMT is prepared by dissolving AHMT In an aqueous solution of acid to prepare an acidic aqueous solution 
of AHMT, neutralizing the acid In the acidic aqueous solution of AHMT, and then adding an alkaline aqueous solution 
to the aqueous solution of AHMT in an amount such that the aforementioned free base is allowed to occur. 
[0027] The acidic aqueous solution of AHMT Is an aqueous solution containing from 0. 1 to 1 N of a free acid. As the 
acid for use In the preparation of the acidic aqueous solution of AHMT there Is used a nonoxldlzlng acid, preferably 
hydrochloric acid. The concentration of AHMT Is normally from 0.1 to 0.5% by weight but is not specifically limited and 
may be properly predetermined according to the concentration of formaldehyde to be measured. The addic aqueous 
solution of AHMT may be stably stored In a glass or plastic vessel at room temperature. 

[0028] For the alkaline aqueous solution, an aqueous solution containing from 2 to 1 0 N of a free base is prepared. 
The aqueous solution is used as it is or diluted as necessary. As an alkaline source there is preferably used a hydroxide 
of strongly basic alkaline metal such as KOH and NaOH. The alkaline aqueous solution may be stored In a plastic 
vessel at room temperature. 

[0029] The color reagent may be prepared by mixing the aforementioned acidic aqueous solution of AHMT with the 
aforementioned alkaline aqueous solution In a vessel or by separately dropping the two aqueous solutions onto a filter 
where they are then mixed. The color reagent obtained by mixing the acidic aqueous solution of AHMT with the alkaline 
aqueous solution is optically labile itself. Therefore, the color reagent is preferably prepared by mixing the acidic aque- 
ous solution of AHTM with the alkaline aqueous solution shortly before use or on the filter. 

[0030] The amount of the color reagent with which the filter Is wet may be such that the reagent occurs as a solution 
on the filter to prevent the filter from being dried during the measurement, I.e., passage of the gas to be detected. The 
amount of the color reagent is properly predetermined according to the solution storage properties and the shape of 
the filter, the expected concentration of formaldehyde in the gas to be detected, etc. 
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(Filter) 

[0031 ] In the present Invention, the material and shape of the filter are not specifically limited so far as It is made of 
a material which, when wet with the aforementioned color reagent, can retain the color reagent therein in a sufficient 
amount, gives no background color development and at least Is fast to an alkaline solution having a concentration of 
2N or more. In order to optically measure the degree of color development using a transmitted light, It Is required that 
the filter material be sufficiently permeable to light. 

[0032] Preferred examples of the filter to be used in the present invention Include glass filter paper, silica fiber filter 
paper, and quartz filter paper. On the other hand, the use of a filter comprising cellulose fibers is preferably avoided 
because when wet with a color reagent, such a filter gives background color development In a relatively short period 
of time. 

[0033] The filter may be In arbitrary shape such as circle and rectangle depending on the measuring apparatus used. 
In order to retain the color reagent in a sufficient amount, several sheets of filters may be used in laminated form to 
obtain good results. 

[0034] As a method of wetting the filter with the color reagent there may be properly used a method which comprises 
dropping the acidic aqueous solution of AHMT and the alkaline aqueous solution, respectively, directly onto the filter 
using a pipette such as PIPETMAN, a method which comprises dropping an aqueous mixture of the acidic aqueous 
solution of AHMT and the alkaline aqueous solution on the filter using a pipette or the like. 

(Contact of gas to be detected with filter) 

[0035] In the present invention, the gas to be detected is not specifically limited so far as It is a gas which may contain 
formaldehyde. Specific examples of the gas to be detected Include Indoor air wh Ich Is expected to contain formaldehyde 
in a low concentration, air in a fumigation chamber containing formaldehyde In a high concentration or Its surroundings, 
and soil air. Other examples of the gas to be detected include air or nitrogen gas collected after bubbling sea water in 
culture fish preserve, factory waste water or other liquids which are likely to have formaldehyde dissolved therein, and 
gas generated by heating a solid material such as wall material. 

[0036] By Introducing the gas to be detected Into a detection gas flow path having a filter provided therein at a 
predetermined rate using a constant rate pump, the gas to be detected and the filter wet with the aforementioned color 
reagent are brought into contact with each other. In order to bring the gas to be detected and the filter into contact with 
each other, any of a method which comprises allowing the gas to be detected to flow in parallel to the surface of the 
filter, a method which comprises allowing the gas to be detected to collide with the surface of the filter at a certain angle 
and a method which comprises allowing the gas to be detected to pass through the filter may be employed. Taking 
Into account the diffusion of formaldehyde In the color reagent from the gas to be detected and the mixing of formal- 
dehyde with the color reagent, the method which comprises allowing the gas to be detected to collide with the surface 
of the filter at a certain angle Is preferably employed. 

(Measurement of color tone or degree of color development) 

[0037] When the gas to be detected and the color reagent retained in the filter are brought into contact with each 
other In a manner as mentioned above, spots having a color ranging from vioiet to red with a maximum absorption 
wavelength of 550 nm appear on the surface of the filter If the gas to be detected contains formaldehyde. By visually 
measuring the color tone of the spots or optically measuring the degree of color development of the spots and then 
comparing these measurements with a color tone sample or calibration curve of degree of color developm ent previously 
prepared using a standard gas having a known formaldehyde concentration, the concentration of formaldehyde in the 
gas to be detected Is determined. 

[0038] As the method of optically measuring the degree of color development there may be used a method which 
comprises measuring the change (% response) of intensity of light reflected by the spots when irradiated with light, i. 
a., degree of color development. As a light source to be used In this method there may be used a PIN type photodiode 
with a light-emitting element (LED) used as an element for receiving reflected light. 

(Measuring apparatus) 

[0039] The formaldehyde concentration measuring apparatus of the present Invention and Its accessories will be 
further described in connection with Figs. 6 to 10. In these drawings, like numerals are used for like components. 
[0040] An embodiment of the contact of the gas to be detected with the filter wet with the color reagent, which is an 
essence of the formaldehyde concentration measuring apparatus of the present Invention, Is shown in Fig. 6. Between 
a detection gas Inlet 1 2 of a main body 1 and a detection gas outlet 1 3 to be connected to an exterior suction pump Is 
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formed a detection gas flow path 1 1 . A detecting tab 2 is detachably mounted on the main body 1 in such an arrangement 
that a filter 21 mounted on the detecting tab 2 is exposed to the Interior of the detection gas flow path 11. In this 
arrangement, the gas to be detected flowing through the detection gas flow path 11 and the filter 21 wet with the color 
reagent can be brought Into contact with each other. 

[0041 J Fig. 6(a) illustrates an embodiment In which the gas to be detected flows substantially In parallel to the surface 
of the filter 21 to come In contact with the color reagent, Fig. 6(b) Illustrates an embodiment In which the gas to be 
detected flows through the filter 21 to come in contact with the color reagent and Fig. 6(c) illustrates an embodiment 
In which the gas to be detected is allowed to collide with the surface of the filter 21 to come in contact with the color 
reagent. 

10042] Fig. 6 is only Illustrative and the embodiment of contact of the gas to be detected with the filter 21 Is not limited 
to those shown in Fig. 6. Any embodiments other than shown may be employed so far as the gas to be detected and 
the filter 21 can be brought Into contact with each other. 

[0043] As shown in Fig. 7, the detecting tab 2 is formed by a filter 21 , a frame 22 In which the filter 21 extends and 
a filter press 23 for fixing the filter 21 to the frame 22. The area In the frame 22 where the filter 21 extends may be in 
any shape such as circle (as shown In Fig. 7(a)) and rectangle (as shown In Fig. 7(b)). 

[0044] In a preferred embodiment shown In Fig. 8, the detecting tab 2 Is formed by a frame 22 comprising the ex- 
tension aresrof the filter 21 In a part of a tabular or rectangular fiat ptate shown In Fig. 7(b). In this arrangement, the 
detecting tab 21 can be inserted into a slit 15 provided on the side of the main body 1 and then pressed Into the interior 
of the main body 1 along a rail 16 provided inside the main body 1 so that the filter 21 of the detecting tab 2 can be 
mounted In the main body 1 at a predetermined position. 

[0045] More preferably, as shown In Fig. 9, a cassette 25 In which the detecting tab 2 is received can be applied on 
the slit 15 provided In the main body 1 so that the detecting tab 2 can be mounted on the main body 1 without exposing 
the surface of the filter 21 wet with the color reagent to natural light. 

[0046] The cassette 25 is a housing having a front cover 26 provided at the front thereof which opens vertically. The 
cassette 25 has two or more rotatable pin rollers 27 provided on the respective inner side thereof for taking the detecting 
tab 2 In and out of the cassette 25. These pin rollers 27 are received In a groove 24 provided on the side of the detecting 
tab 2 so that the detecting tab 2 can be easily taken In and out of the cassette 25. The cassette 25 also has an Insert 
hole 28 provided above the filter 21 of the detecting tab 2 for mounting a color reagent dropping device 4. The cassette 
25 further has a glass sheet provided under the filter 21 of the detecting tab 2. Though not shown, if the detecting tab 
2 is mounted in contact with any surface of the main body 1 , the detecting tab 2 may be threaded In or screwed to the 
main body 1 at the mounting position. 

[0047] The material of the main body 1 and Its interior structure may be either metal or plastic. The detecting tab 2, 
too, may be made of either metal or plastic except the filter 21 . However, the interior of the main body and parts disposed 
Inside the main body except the filter 21 are painted black so that the reflection of light by areas other than the surface 
of the filter 21 can be prevented. 

[0048] As shown In Fig. 8, the apparatus according to a preferred embodiment comprises an optical measurement 
system for optically measuring the degree of color development of the surface of the filter 21 and displaying the meas- 
urements as absolute values of formaldehyde concentration. The optical measurement system comprises a light-emit- 
ting element (LED) 31 for irradiating the surface of the filter 21 with light, a light-receiving element (PIN type photodiode) 
32 for receiving light reflected by the surface of the filter 21 and a liquid crystal display 33 for displaying the change of 
Intensity (% response) of reflected light received by the light-receiving element 32, I.e., degree of color development 
as calculated In terms of formaldehyde concentration. 

[0049] The change of reflection intensity (% response) is calculated from the output voltage (V) of the light-receiving 
element before, during and after the passage of the gas to be detected by the following equation: 

Response (% output) = (V 0 - V t ) x 100A/ 0 

wherein V 0 represents the output voltage before introduction of gas to be detected; V t represents the output voltage 
during or after Introduction of gas to be detected 

[0050] The change of the output voltage corresponds to the change of reflection Intensity (% response), I.e., degree 
of color development of the surface of the filter. 

[0051] In Fig. 8, the portion of the main body below the detecting tab 2 Is partitioned to form an electronic parts 
chamber. Though no shown, the electronic parts chamber receives electronic parts such as CPU, RAM, ROM, timer 
and battery necessary for displaying the voltage change measured by the light-receiving element 32 on a display 33 
as a formaldehyde concentration. 

[0052] In another preferred embodiment, the apparatus comprises a color reagent dropping device 4 Incorporated 
therein as a set. The color reagent dropping device 4 Is formed by a set of at least two graduated reagent feed pipes 
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41 a,b and a reagent mixing pipe 44. The reagent feed pipe 41 ab is detachably mounted on an upper cover 47 of the 
reagent mixing pipe 44. The reagent feed pipes 41 are each formed by a so-called graduated dropper composed of a 
transparent graduated hard pipe portion 42 and a soft cover portion 43 which can deform when externally pressed. 
The cover portion 43 may be an ordinary soft rubber cap but is preferably a bellows as shown. One of the reagent feed 
pipes 41 Is for the acidic aqueous solution of AHMT and the other Is for the alkaline aqueous solution. A syringe may 
be used Instead of the aforementioned dropper. 

[0053] On the other hand, the reagent mixing pipe 44 is formed by a hard pipe portion 45 and a soft pipe portion 46 
which can partially deform when externally pressed. The lower end portion 48 of the reagent mixing pipe 44 is narrow- 
necked and opened similarly to the dropper. The lower end portion 48 is detachably fitted In an Insert hole 28 positioned 
above the filter 21 of the detecting tab 2 of the aforementioned cassette 25. The soft pipe portion 46 of the reagent 
mixing pipe 44, too, Is preferably formed by a bellows. 

[0054] An example of the procedure of measuring the concentration of formaldehyde In the gas to be detected using 
the aforementioned measuring apparatus will be described below. 

(1) An aqueous solution of hydrochloric acid containing AHMT and an alkaline aqueous solution In their reagent 
storage vessels are each measured out In graduated reagent feed pipes 41a,b in a predetermined amount. The 
graduated reagent feed pipes 41 a,b are then mounted on the upper cover 47 of the reagent mixing pipe 44 at a 
predetermined position. 

(2) The color reagent dropping device 4 is fitted in the insert hole 28 of the cassette 25 having the detecting tab 2 
received therein. 

(3) The soft cover portion of the reagent feed pipes 41a,b each are pressed to pump the aqueous solution of 
hydrochloric acid containing AHMT and the alkaline aqueous solution Into the reagent mixing pipe 44. 

(4) The soft pipe portion 46 of the reagent mixing pipe 44 Is externally pressed to drop the color reagent thus 
prepared onto the filter 21 of the detecting tab 2 so that the filter 21 Is wet. 

(5) The cassette 25 having the detecting tab 2 received therein or the detecting tab 2 which has been withdrawn 
from the cassette 25 Is Inserted Into the slit 15 of the main body 1 so that the detecting tab 2 Is mounted on the 
main body 1 at a predetermined position and the surface of the filter 21 is exposed to the detection gas flow path 11 . 

(6) The suction pump Is started to Introduce the gas to be detected Into the detection gas flow path 1 1 1n the main 
body 1 at a predetermined rate for a predetermined period of time. 

(7) The optical measurement system is switched ON to measure the degree of color development of the surface 
of the filter 21 and allow the display to display the formaldehyde concentration, 

(8) In the case where the optical measurement system Is not used, the detecting tab 2 Is withdrawn from the main 
body 1 and then visually confirmed for the degree of color development of the surface of the filter 21 . The meas- 
urements are then compared with that of a standard sample to determine the formaldehyde concentration. 

[0055] Instead of the apparatus of the present Invention, Type FP-85 multlgas finder, which Is a commercially avail- 
able portable formaldehyde meter produced by RIKEN KEIKI CO., LTD., may be used. The detectingtab of the present 
invention can be attached to the main body of the portable formaldehyde meter to measure the concentration of for- 
maldehyde In the gas to be detected. 

[0056] The present Invention will be further described in the following examples, reference examples and comparison 
examples. 

Examples 

Reference Example 1 : 

Selectivity of AHMT reagent; effect of various aldehyde compounds 

[0057] Aldehyde compounds which are likely to occur in the gas to be detected: The color development of acetal- 
dehyde and gluraraldehyde with an AHMT reagent was confirmed. 

[0058] 0.25 g of AHMT (Ca. No.01 1-08331; for determination of aldehyde, produced by Wako Pure Chemical Indus- 
tries, Ltd.) was dissolved in 50 ml of a 1 N hydrochloric acid (prepared by diluting 1 0 ml of guaranteed 37% HCI solution 
produced by Wako Pure Chemical Industries, Ltd. with distilled waterto make 1 20 ml) to preparea 0.5% AHMT solution. 
[0059] 23 g of potassium hydroxide (first grade palletized potassium hydroxide; Ca. No. 165-03865, produced by 
Wako Pure Chemical Industries, Ltd.) was diluted with distilled waterto make 1 00 ml. Thus, a 23% (about 4.1 N) solution 
of KOH was prepared. 

[0060] To 0.75 g of potassium perlodate was added 1 00 g of a 0.2N KOH (prepared by diluting 10 ml of the afore- 
mentioned alkaline solution with distilled waterto make 205 ml) to prepare an oxidizing agent solution. 
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[0061] Formaldehyde, acetaldehyde and glutaraldehyde (guaranteed reagents produced by Wako Pure Chemical 
m Industries, Ltd. ) were each dissolved In and diluted with distilled water to prepare test solutions having a known con- 
centration. These test solutions were then each measured out In a test tube In an amount of 2 ml. To each of these 
test solutions were then added 2 ml of the aforementioned KOH solution and AHMT solution. The mixture was stirred, 
s and then allowed to stand at room temperature for 1 5 minutes. Subsequently, to each of these test solutions was added 
2 ml of the oxidizing agent solution. The mixtures were each lightly shaken until bubbles were no longer generated, 
and then measured for absorbance at a wavelength of 550 nm. 
[0062] The results of measurement are shown In Fig. 1 . 

[0063] Ascanbeseen in Fig. 1, the color development reaction of AHMT Is a reaction characteristic of formaldehyde 
to and the absorbance at a wavelength of 550 nm is proportional to the concentration of formaldehyde over a wide range 
of formaldehyde concentration. 

Reference Example 2: 

19 Selectivity of AHMT reagent; effect of various volatile organic compounds 

[0064] Th5 color development of volatile organic compounds (VOC) set forth In Table 1 other than aldehyde com- 
pounds which are likely to occur In the gas to be detected was confirmed according to a standard AHMT method similar 
to that of Example 2. Since benzene, toluene and xylene are insoluble in water, they were dissolved in and diluted with 

20 ethanol to prepare test solutions. The VOC concentration of these test solutions were all 1 ,000 ppm. 
[0065] The results of measurement of absorbance are set forth In Table 1 . 



Table 1 



Effect of VOC other than aldehyde and other compounds by AHMT method 


Kind of VOC 


Absorbance (550 nm) 


Ethanol 


0.013 


Methanol 


0.005 


(sopropyl alcohol 


0.005 


Benzene 


0.006 


Toluene 


0.002 


Xylene 


0.003 


Acetone 


0.009 


Acetic acid 


0.003 


Hydrochloric acid 


0.005 


Ammonia 


0.004 


* All these compounds had a concentration of 1 ,000 ppm 



[0066] As can be seen in Table 1 , none of these VOC's undergoes color development even if they occur in a con- 
centration as high as 1 ,000 ppm. 

[0067] The results of Reference Examples 1 and 2 demonstrate that the color development by AHMT is characteristic 
of formaldehyde and the method according to the present Invention involving the use of AHMT as a color reagent 
provides a very high formaldehyde selectivity. 

Example 1 



(Color reagent) 

Preparation of acidic aqueous solution of AHMT 

[0068] 0.5 g of amino-3-hydrazino-5-mercapto-1 ,2,4-1 ,2,4 -triazole (Ca. No. 01 1 -08331 for determination of alde- 
hyde; produced by Wako Pure Chemical Industries, Ltd.) was dissolved in 50 mi of a 3N hydrochloric acid to prepare 
a 1 % solution. 
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Preparation of alkaline solution 
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[0069] 23 g of potassium hydroxide (first grade palletized potassium hydroxide; Ca. No. 165-03865, produced by 
Wako Pure Chemical Industries, Ltd.) was diluted with distilled waterto make 1 00 ml. Thus, a 23% (about 4.1 N) solution 
of KOH was prepared. 

(Gas to be detected) 

[0070] As gases to be measuredthere were used gases to be detected having various formaldehyde concentrations 
prepared by diluting a formaldehyde solution (guaranteed 37% solution produced by Wako Pure Chemical Industries, 
Ltd.) with nitrogen gas using a correcting gas preparation device (Type PD-1 B permeator, produced by GASTEC COR- 
PORATION). 

(Measuring instrument) 

[0071 ] A modification of a commercially available measuring instrument (Type FP-85 multi gas finder; produced by 
RIKEN KEIKJ CO., LTD.) was used. This measuring Instrument has allght-emlttlng element (LED) and a light-receiving 
element (PIN type photodlode) provided inside the main body In such a manner that color-developed spots on the filter 
of the detecting tab can be detected. 

20 

(Measurement of formaldehyde concentration) 

[0072] To the detecting tab was attached a glass filter paper having a diameter of 5 mm*. Onto the filter was then 
dropped 40 pJ of a color reagent prepared by mixing the previously prepared hydrochloric acid solution of AHMT and 
25 KOH solution at a volume ratio of 1 : 1 through a micropipette so that the filter was wet. The filter was then mounted 
In the aforementioned measuring Instrument at a predetermined position. 

[0073] A suction pump was then started to introduce gases to be detected (formaldehyde concentration: 0, 0.04, 
0.08, 0.5, 1 ppm) Into the measuring Instrument through a sampling chamber at a constant flow rate of 100 ml/mln 
adjusted by a flow rate adjusting valve so that they were brought Into contact with the filter for a predetermined period 
30 of time (60, 180, 300 seconds). 

[0074] The color-developed spots on the filter were then irradiated with light emitted by the light-emitting element. 
The percent response of the output voltage V of the light-receiving element before, during and after the passage of 
the gas to be detected were displayed on the display and recorded. 

[0075] The percent response with respect to sampling time (contact time of gas to be detected with filter) Is shown 
in Fig. 2, the percent response with respect to formaldehyde concentration (0 to 1 ppm) is shown In Fig. 3, and the 
percent response with respect to formaldehyde concentration (0 to 4 ppm) Is shown In Fig. 4. 
[0076] As can be seen in Fig. 3, when the gas to be detected is allowed to pass for 1 80 to 300 seconds, a significant 
correlation Is established within a range of from 0.04 to 1 ppm. These results demonstrate that the formaldehyde 
concentration of 0.08 ppm or less, which is WHO'S environmental standard, can be measured In a measuring time of 
40 from 1 80 to 300 seconds. 

[0077] Fig. 4 demonstrates that under the aforementioned measuring conditions the color development undergoes 
no change within a formaldehyde concentration range of about 1 ppm or more. These results demonstrate that the 
concentration of AHMT in the color reagent, the flow rate of the gas to be detected, the passage time of the gas to be 
detected, the color measurement wavelength, etc. can be properly selected and optimized by the concentration (to be 
measured) of formaldehyde In the gas to be detected. In some detail, the measurement of formaldehyde concentration 
can be made without changing the concentration of AHMT In the color reagent, etc. for different formaldehyde con- 
centrations, I.e., very low formaldehyde concentration (1 ppm or less), middle formaldehyde concentration (about 10 
ppm), high formaldehyde concentration (1 0 ppm or more). In this case, measurement can be made In several minutes. 
Thus, formaldehyde concentration can be measured simply in a short period of time. 

Example 2: Selection of filter 

[0078] The background color development of filters made of various materials wet with the color reagent was eval- 
uated. For evaluation, the filter described below was cut into a piece having a diameter of 5 mm* which was then 
attached to the same detecting tab as used in Example 1 . The filter was wet with the hydrochloric acid solution of 
AHMT and KOH solution prepared in Example 1 separately or in admixture, and then mounted on the aforementioned 
measuring instrument at a predetermined position. In this arrangement, a gas free of formaldehyde was then taken 
Into the measuring Instrument to come In contact with the surface of the filter. 
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(Evaluation filter) 

[0079] Glass filter paper (GA-55, produced by ADVANTECH CO., LTD.; 21 mm* diameter x 0.21 mm thickness; 
diameter of retained particles: 0. 6 ujti), silica fiber filter paper (QR-100, produced by ADVANTECH CO., LTD.; 21 mm* 
diameter x 0.38 mm thickness), quartz filter paper (QM-A, produced by Whatman Inc.; 203 mm width x 254 mm length 
x 0.45 mm thickness), cellulose filter paper (No. 1 , produced by ADVANTECH CO., LTD.; 55 mm* diameter x 0.2 mm 
thickness; diameter of retained particles: 6 \ur\), cotton filterpaper. sulfate paper, polystyrene filter paper, polypropylene 
filter paper (PS-103, produced by Mitsui Chemicals, Inc.; 40 mm length x 10 mm x 0. 18 mm thickness) , polyester 
filter paper (PAC34-05, produced by Hikarl Co., Ltd. ; 300 mm width x 450 mm length x 0.5 mm thickness) , polycarbonate 
filter paper, acrylic resin fitter paper, vinyl chloride filter paper (EB-435-5, produced by Hikaii Co., Ltd.; 300 mm width 
x 450 mm length x 0.5 mm thickness), polyvinyl formal filter paper (D-4200, produced by Kanebo, Ltd. (Muromachi, 
Inc.); 50 mmsq; diameter of retained particles (average pore diameter) : 80 urn), paraffin filter paper (WI54952, pro- 
duced by American National Can; 40 mm width x 1 ,250 mm length), agar gel (016-15812 (guaranteed), produced by 
Wako Pure Chemical Industries, Ltd.; prepared by dissolving 15 g of agar-agar in 1 ,000 ml of distilled water, heating 
the solution to 120° for 15 minutes, and then putting the solution In a dish (90 mm* diameter x 15 mm height) where 
It is then cooled), TLC (cellulose) (produced by Whatman Inc.), TLC (silica gel) (Silica Gel 60 F 254 , produced by What- 
man Inc.; 2ff mmsq x 0.2 mm thickness), TLC (reversed phase) (RP-18 F2345, produced by Whatman Inc.; 20 mm 
width x 21 mm length x 1 .2 mm thickness), teflon (TOMB09001 , produced by NICHIAS Corporation; 300 mm width x 
10 m length x 0.05 mm thickness), polyflon filter (PF-100. produced by ADVANTECH CO., LTD.; 55 mm* diameter x 
1 mm thickness; diameter of retained particles: 10 jim), silicon, ceramic filter, pumice stone, cellulose acetate 
(C300A013, produced by ADVANTECH CO., LTD.; 13 mm* diameter x 0.135 mm thickness; diameter of retained 
particles (pore diameter) : 3 u/n), mixed cellulose ester (A500A013, produced by ADVANTECH CO., LTD.; 13 mm* 
diameter x 0.16 mm thickness; diameter of retained particles (pore diameter): 5 jim), cellulose nitrate (A080A025, 
produced by ADVANTECH CO., LTD.; 25 mm* diameter, diameter of retained particles (pore diameter): 0.8 \im) 
[0080] Fig. 5 shows the degree of color development (% response) on the background (formaldehyde concentration: 
0 ppm) of the cellulose filter and the glass filter with respect to sampling time and Table 2 shows the results of evaluation 
of other filters. 



Table 2 



Evaluation of the degree of background of filters made of various materials 


Filter 


Blank color development* 


Remarks 


Glass filter 


G 


Glass is the most suitable material 


Silica fiber filter paper 


G 


No blank color development occurs, but slight 
yellowing occurs 


Quartz filter paper 


G 




Cellulose (filter paper, etc.) 


P 




Cotton 


P 




Sulfate paper 


P 




Polystyrene 


P 




Polypropylene 


P 




Polyester 


P 




Polycarbonate 


P 




Acrylic resin 


P 




Vinyl chloride 


P 




Polyvinyl formal 


P 




Paraffin 


P 




Agar gel 


P 




TLC (cellulose) 


P 





• G (good): No color development occurs; F (fair): Slight color development occurs; P (poor): Color development occurs 
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Table 2 (continued) 



Evaluation of the degree ot background of filters made of various materials 


Filter 


Blank color development* 


Remarks 


TLC (silica gel) 


p 




TLC (reversed phase) 


p 




ABS 


F 




Polyester 


p 




Tefion 


F 




Polyflon filter 


F 


Not hygroscopic, so unusable 


Silicon 


F 




Ceramic 


F 


Color development occurs if a reagent is present 
on the surface but no longer occurs if water is 
absorbed 


Pumice stone 


G ! 


No color development occurs with formaldehyde 


Cellulose acetate 


G 


it 


Mixed cellulose ester 


G (discolored to brown) 


H 


Cellulose nitrate 


G (discolored to brown) 


U 



25 * Q (9ood); No color development occurs; F (lair): Slight color development occurs; P (poor): Color development occurs 

[0081 ] Fig. 5 demonstrates that a cellulose filter shows a rise of background color development (formaldehyde con- 
centratlon: 0 ppm) with time. In the case where a glass filter Is used, the background undergoes little color development 
even after 10 minutes, demonstrating that sufficiently significant color development occurs In a short period of time 
30 even If the concentration of formaldehyde is as low as 0.08 ppm. 

Industrial Applicability 

[0082] In accordance with the method of measuring the formaldehyde concentration of the present Invention , AHMT 
35 Is used as a color reagent, making it possible to provide an extremely high selectivity of formaldehyde without being 
subject to the effect of aldehyde compounds and volatile organic compounds (VOC) coexisting in a gas to be detected 
as described in the aforementioned reference examples. The detection sensitivity is as extremely high as 0.04 to 1 
ppm as described In Example 1 . The measuring time Is as extremely short as 180 to 300 seconds as compared with 
the prior art methods. 

40 [0083] Further, the use of the measuring apparatus of the present Invention makes It possible to execute the afore- 
mentioned method in an extremely simplified manner. 

[0084] The present Invention provides a method useful for the environmental analysis of measuring formaldehyde 
concentration at a high sensitivity with an extremely high selectivity of formaldehyde in an extremely short period of 
time and a measuring apparatus for use In the measuring method and thus has an extremely great significance In the 
45 art of environment. 



Claims 

50 1. A method of measuring the concentration of formaldehyde in a gas, characterized in that the concentration of 
formaldehyde in a gas to be detected is determined on the basis of the tone or degree of the color of a filter which 
Is wet with a color reagent comprising an alkaline aqueous solution of 4-amlno-3-hydrazlno- mercapto-1 ,2,4-trla- 
zole (AHMT) and gives no background color development due to wetting with the color reagent by allowing the 
color reagent and the gas to be detected to come In contact with each other on or through the filter so that formal- 

55 dehyde In the gas to be detected acts on the filter. 

2. The method according to Claim 1 , comprising at least 
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(a) a step of dissolving an acidic aqueous AHMT-solution obtained by dissolving 4-amlno-3-hydrazlno-mer- 
capto-1 ,2,4-trlazole (AHMT) In an acidic aqueous solution and an alkaline metal hydroxide in water and mixing 
the solution with an alkaline aqueous solution to prepare a color reagent, 

(b) a step of wetting the filter with the color reagent, 

(c) a step of Introducing the gas to be detected onto or into the filter to allow the gas to be detected and the 
color reagent to come In contact with each other and 

(e) a step of measuring the tone or degree of color of the filter. 

3. The method according to Claim 1 or 2, wherein the filter is selected from the group consisting of glass filter paper, 
silica fiber filter paper and quartz filter paper. 

4. An apparatus of measuring the concentration of formaldehyde In a gas comprising 

a gas flow path formed between a detection gas inlet and a detection gas outlet connected to a suction pump and 
a detection tab detachabfy mounted In the gas flow path at a predetermined position, 

characterized In that the detection tab comprises a filter mou nted thereon, said filter being wet with a color reagent 
comprising an alkaline aqueous solution of 4-amino-3-hydrazino-mercapto-1 ( 2,4-tr1azole(AHIVIT) and giving no 
background color development due to wetting with the color reagent, so that when the color reagent and the gas 
to be detected are brought Into contact with each other, the filter wet with the color reagent undergoes color de- 
velopment with formaldehyde in the gas to be detected. 

5. The measuring apparatus according to Claim 4, wherein the detecting tab Is formed by a filter, a frame and a filter 
press and 

the filter Is selected from the group consisting of glass filter paper, silica fiber filter paper and quartz filter paper, 
extends Inside the frame without clearance and Is fixed by the filter press. 

6. The measuring apparatus according to Claim 4 or 5, wherein the detecting tab Is tabular and Is disposed In the 
gas flow path at a predetermined position by being inserted Into a slit provided in the main body. 

7. The measuring apparatus according to Claim 6, wherein the tabular detecting tab Is disposed in the gas flow path 
at a predetermined position by being received in a cassette which Is mounted In a slit provided In the main body. 

8. The measuring apparatus according to any one of Claims 4 to 7, wherein there are further provided a light-emitting 
element for Irradiating at least the surface of the filter with light, a light-receiving element for catching the light 
reflected by the surface of the filter and a display, 

the change (% response) in the Intensity of light reflected by the surface of the filter from before to after contact 
with the gas to be detected Is measured by the light-emitting element and 

the formaldehyde concentration calculated from the degree of color development of the surface of the filter based 
on the measurements Is displayed on the display. 

9. The apparatus according to any one of Claims 4 to 8, wherein there are provided a plurality of reagent feed pipes 
and reagent mixing pipes, 

the reagent feed pipes each comprise a graduated transparent pipe portion and a soft cover portion which can 
deform when pressed externally and are detachably mounted on the top of the reagent mixing pipes and the 
reagent mixing pipes each further comprise a color reagent dropping device partially having a soft pipe portion 
deformable by external pressure for dropping a predetermined amount of the color reagent onto the filter of the 
detecting tab. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 8 
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